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(54) Field emission display and method of making same 



(57) A field emission display (100, 200, 300) and a 
method of making the same are disclosed. The field 
emission display (100, 200, 300) includes an anode 
(110, 210, 310) having a plurality of cathodolumines- 
cent deposits (120, 220, 320), a back plate (185, 285, 
385) including a cathode (130, 230, 330) having a plu- 
rality of field emitters (140, 240, 340) and being affixed 
to a cathode reinforcement member (170, 270, 370), 



and a plurality of side members (150, 250, 350) dis- 
posed between the anode (110, 210, 310) and the cath- 
ode (130, 230,330) and hermetically affixed thereto. 
The thicknesses of the anode (110, 210, 310) and the 
back plate (185, 285, 385) are sufficient to provide the 
structural support necessary to maintain the mechani- 
cal integrity of thefield emission display (100, 200, 300). 
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Description 

Field of the Invention 

The present invention pertains to a field emission 
display, a method of making a field emission display, 
and, more specifically, to a field emission display having 
a cathode reinforcement member. 

Background of the Invention 

Field emission displays are known in the art. To 
achieve low weight, the front and back panels (anode 
and cathode, respectively) of the display include thin 
substrates which are typically made from glass on the 
order of 1 . 1 millimeters thick. As the displays achieve 
larger sizes, the front and back panels are not thick 
enough to provide enough structural support to main- 
tain the planarity of the device. Since a vacuum is pro- 
vided between the panels, this may result in the 
implosion and destruction of the device. 

Several schemes have been proposed for maintain- 
ing the structural integrity of thin, flat panel displays. In 
one such prior art scheme, a plurality of structural spac- 
ers are disposed throughout the interior of the device, to 
provide standoff between the panels. These prior art 
spacers include structures such as posts, glass 
spheres, and woven fibers. However, the inclusion of 
spacers adds complexity to the display fabrication proc- 
ess which, in some instances, is not feasible or cost 
effective. Spacers also limit other design variables due 
to the finite volume which they occupy within the display. 
Spacers in a field emission display impose a lower limit 
on the spacing between the cathodoluminescent depos- 
its on the front plate (anode or face plate), thereby limit- 
ing the resolution of the display. 

Certain applications for field emission devices do 
not require low weight and are, instead, constrained by 
cost and resolution. In these applications, thick sub- 
strates for the anode and cathode are tolerable, while 
the high cost of including spacers is not. Current proc- 
esses for fabricating the anode are readily adaptable to 
different substrate thicknesses. However, the equip- 
ment typically employed in the fabrication of the cathode 
are not readily adaptable to variation in substrate thick- 
ness. They are also very expensive so that having differ- 
ent sets of equipment for varying substrate thicknesses 
is simply not cost effective. 

Thus, there exists a need for a method for making 
field emission displays of varying back panel thick- 
nesses which is cost effective and simple to employ. 

Brief Description of the Drawings 

Referring to the drawings: 

FIG. 1 is a cross-sectional view of an embodiment 
of a field emission display in accordance with the 



present invention. 

FIG. 2 is a cross-sectional view of another embodi- 
ment of a field emission display in accordance with 
the present invention. 
5 FIG. 3 is a cross-sectional view of another embodi- 
ment of a field emission display in accordance with 
the present invention. 

Description of the Preferred Embodiment 

10 

Referring now to FIG. 1 , there is depicted a cross- 
sectional view of an embodiment of a field emission dis- 
play (FED) 100 in accordance with the present inven- 
tion. FED 100 includes an anode 110, a back plate 185, 

is a plurality of electrical signal leads 160, and a plurality 
of side members 150, which are disposed between 
anode 110 and back plate 185. Anode 110 includes a 
plurality of cathodoluminescent deposits 1 20, which are 
formed on the inner surface of anode 110. Back plate 

20 185 includes a cathode 130, having inner and outer sur- 
faces, and a cathode reinforcement member 1 70. Cath- 
ode 130 has a plurality of field emitters 140 which are 
disposed on the inner surface of cathode 130. The inner 
surface of anode 1 10 is spaced apart from and opposes 

25 the inner surface of cathode 130. Side members 150 
maintain this spacing between anode 1 10 and cathode 
130 and are hermetically affixed thereto. Anode 110, 
cathode 130, and side members 150 define an inter- 
space region 155, which is evacuated to provide a vac- 

30 uum of about 1x1 0" s Torr or less. Electrical signal leads 
160 are disposed between side members 150 and cath- 
ode 130 and are operably connected to external cir- 
cuitry (not shown) to power or energize the display. 
Cathode reinforcement member 170 has a major sur- 

35 face which is affixed to the outer surface of cathode 1 30. 
It is critical that cathode reinforcement member 170 
have a thermal expansion coefficient substantially equal 
to the thermal expansion coefficient of cathode 1 30 so 
that the two structures expand and contract at similar 

40 rates during heating and cooling cycles, respectively, 
during the fabrication of FED 100, thereby avoiding 
breakage or cracking. The material comprising cathode 
reinforcement member 170 need not be the same as 
the material comprising cathode 130, however, and it 

45 also need not be transparent. Cathode 130 includes a 
substrate made from glass so that suitable materials for 
use in cathode reinforcement member 170 include 
glass, titanium, or nickel-iron alloys. In this particular 
embodiment cathode reinforcement member 170 

so includes a solid plate of glass having a major surface 
which is affixed to the outer surface of cathode 1 30. The 
affixation is accomplished by using a bonding agent 
180. A suitable material for bonding agent 180 includes 
glass frit or a thin layer of aluminum which is anodically 

55 bonded to the outer surface of cathode 130 and to the 
major surface of cathode reinforcement member 1 70. 
The layer of aluminum acts as a Faraday shield which 
isolates field emitters 140 from electronic noise originat- 
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ing from the electronics that power FED 100. Cathode 
1 30 is first fabricated by processes known to one skilled 
in the art. These processes utilize expensive substrate 
processing equipment, such as steppers and etchers, 
which do not easily accommodate variable cathode 
substrate thicknesses. Additionally, it is desirable to 
avoid frequent adjustments of the settings of cathode 
fabrication equipment to ensure the reproducibility of 
cathode properties. After cathode 130 is made, cathode 
reinforcement member 1 70 is affixed to the outer sur- 
face of cathode 130. The standard processes for fabri- 
cating an anode (face plate or screen) for a display are, 
in contrast, readily adaptable to variation in substrate 
thickness. So, the desired thickness of anode 110 is 
provided by selecting a glass plate substrate having the 
desired overall thickness. Back plate 185 and anode 
110 have thicknesses which are sufficient to provide 
structural support to maintain the mechanical integrity 
of FED 100 and thereby obviate the need for structural 
spacers within the active region of FED 1 00. For exam- 
ple, a field emission display having a diagonal of 6 
inches requires an anode and a back plate each having 
a thickness of about one quarter inch; a FED having a 
14-inch diagonal requires an anode and back plate 
each having a thickness of about one half inch; and a 
FED having a 21-inch diagonal requires an anode and 
back plate each having a thickness of about three quar- 
ters of an inch. These thickness are for anodes and 
back plates made from glass. The appropriate thickness 
of back plate 1 85 depends on the mechanical proper- 
ties of the material and structure comprising cathode 
reinforcement member 170. Cathode 130 has a con- 
stant thickness, independent of the length of the diago- 
nal of FED 100, which is determined by the cathode 
processing technology utilized. This constant thickness 
of cathode 130 is about 1 millimeter. 

Referring now to FIG. 2, there is depicted a cross- 
sectional view of another embodiment of a field emis- 
sion display (FED) 200 in accordance with the present 
invention. FED 200 includes an anode 210, a back plate 
285, a plurality of electrical signal leads 260, and a plu- 
rality of side members 250, which are disposed 
between anode 210 and back plate 285. Anode 210 
includes a plurality of cathodoluminescent deposits 220, 
which are formed on the inner surface of anode 210. 
Back plate 285 includes a cathode 230, having inner 
and outer surfaces, and a cathode reinforcement mem- 
ber 270. Cathode 230 has a plurality of field emitters 
240 which are disposed on the inner surface of cathode 
230. The inner surface of anode 210 is spaced apart 
from and opposes the inner surface of cathode 230. 
Side members 250 maintain this spacing between 
anode 210 and cathode 230 and are hermetically 
affixed thereto. Anode 210, cathode 230, and side 
members 250 define an interspace region 255, which is 
evacuated to provide a vacuum of about 1x10" 6 Torr or 
less. Electrical signal leads 260 are disposed between 
side members 250 and cathode 230 and are operably 



connected to external circuitry (not shown) to power or 
energize the display. Cathode reinforcement member 
270 has a major surface which is affixed to the outer 
surface of cathode 230. It is critical that cathode rein- 

5 forcement member 270 have a thermal expansion coef- 
ficient substantially equal to the thermal expansion 
coefficient of cathode 230 so that the two structures 
expand and contract at similar rates during heating and 
cooling cycles, respectively, during the fabrication of 

to FED 200, thereby avoiding breakage or cracking. Cath- 
ode 230 includes a substrate made from glass. In this 
particular embodiment, cathode reinforcement member 
270 includes a webbed structure which is made from a 
suitable material such as glass or a suitable metallic 

1S material such as titanium or a nickel-iron alloy. In this 
particular embodiment, cathode reinforcement member 
270 includes a stack of lattices adhered together to form 
a three-dimensional latticework. Each lattice includes a 
plurality of filaments being interwoven in a warp and 

20 weft fashion, such as is used in clothing fabric. In this 
particular embodiment, the filaments include glass 
threads or fibers, which can be obtained from Owens- 
Corning Fiberglass Corporation or Pittsburgh Plate 
Glass Incorporated. The stack of lattices is then coated 

2 5 with a glass cement having a thermal expansion coeffi- 
cient closely matched to that of the filaments, such as a 
glass frit having a thermal expansion coefficient sub- 
stantially equal to that of the glass thread. The coated 
stack of lattices is then cured in an oven at a suitable 

30 temperature, thereby adhering together the lattices and 
rigidifying the structure to provide cathode reinforce- 
ment member 270. In other embodiments of the present 
invention, the webbed structure is made from other suit- 
able materials, such as suitable metals, and the constit- 

35 uent fibers, threads, or fibers are adhered together by 
other suitable adhesion methods. Cathode reinforce- 
ment member 270 has a major surface which is affixed 
to the outer surface of cathode 230 by, for example, 
using a suitable adhesive, such as glass frit. FED 200 

40 further includes an exhausting tube 295 which is dis- 
posed in a hole 290 defined by cathode reinforcement 
member 270 and cathode 230. Exhausting tube 295 is 
used during the evacuation of interspace region 255 by 
operably coupling exhausting tube 295 to a suitable vac- 

45 uum pump (not shown). 

Referring now to FIG. 3, there is depicted a cross- 
sectional view of another embodiment of a field emis- 
sion display (FED) 300 in accordance with the present 
invention. FED 300 includes an anode 310, a back plate 

50 385, a plurality of electrical signal leads 360, and a plu- 
rality of side members 350, which are disposed 
between anode 310 and back plate 385. Anode 310 
includes a plurality of cathodoluminescent deposits 320, 
which are formed on the inner surface of anode 310. 

55 Back plate 385 includes a cathode 330, having inner 
and outer surfaces, and a cathode reinforcement mem- 
ber 370. Cathode 330 has a plurality of field emitters 
340 which are disposed on the inner surface of cathode 
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330. The inner surface of anode 310 is spaced apart 
from and opposes the inner surface of cathode 330. 
Side members 350 maintain this spacing between 
anode 310 and cathode 330 and are hermetically 
affixed thereto. Anode 310, cathode 330, and side 5 
members 350 define an interspace region 355, which is 
evacuated to provide a vacuum of about 1x10" 6 Torr or 
less. Electrical signal leads 360 are disposed between 
side members 350 and cathode 330 and are operably 
connected to external circuitry (not shown) to power or w 
energize the display. Cathode reinforcement member 
370 has a major surface which is affixed to the outer 
surface of cathode 330. It is critical that cathode rein- 
forcement member 370 have a thermal expansion coef- 
ficient substantially equal to the thermal expansion 15 
coefficient of cathode 330 so that the two structures 
expand and contract at similar rates during heating and 
cooling cycles, respectively, during the fabrication of 
FED 200, thereby avoiding breakage or cracking. Cath- 
ode 330 includes a substrate made from glass. In this 20 
particular embodiment, cathode reinforcement member 
370 includes a "log-cabin"-shaped structure including a 
plurality of rods or filaments made from a suitable mate- 
rial, such as glass or a suitable metallic material such as 
titanium or a nickel-iron alloy. The "log-cabin"-shaped 25 
structure can also be formed from a plurality of plates of 
glass into which grooves have been cut to provide the 
recessed portions of the "log-cabin" structure. The 
grooves are formed with a diamond saw or other suita- 
ble glass-cutting equipment. The plurality of plates of 30 
glass are then stacked and adhered together with a suit- 
able adhesive, such as a glass frit having a thermal 
expansion coefficient substantially equal to that of the 
glass. The open structure of cathode reinforcement 
member 370 provides the additional benefit of reduced 35 
weight, while providing adequate strength. Cathode 
reinforcement member 370 has a major surface which is 
affixed to the outer surface of cathode 330 by, for exam- 
ple, using a suitable adhesive, such as glass frit. The 
thickness of cathode reinforcement member 370 is suf- 40 
ficient to maintain the mechanical integrity of FED 300 
and preclude implosion due to atmospheric pressure. 
This thickness is determined by the overall size of FED 
300 and further obviates the need for internal spacer 
support. 45 

Other suitable structures for use in the cathode 
reinforcement member in accordance with the present 
invention will be readily apparent to one skilled in the 
art. 

While we have shown and described specific 50 
embodiments of the present invention, further modifica- 
tions and improvements will occur to those skilled in the 
art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown, 
and we intend in the appended claims to cover all mod- 55 
ifications that do not depart from the spirit and scope of 
this invention. 



1. A back plate (185, 285, 385) for a field emission 
device (100, 200, 300), the back plate (185, 285, 
385) including: 

a cathode (130, 230, 330) having first and sec- 
ond major surfaces and having a plurality of 
field emitters (140, 240, 340) in the first major 
surface, the cathode (130, 230, 330) having a 
thermal expansion coefficient; 
a cathode reinforcement member (170, 270, 
370) having a major surface being affixed to the 
second major surface of the cathode (1 30, 230, 
330), the cathode reinforcement member (170, 
270, 370) having a thermal expansion coeffi- 
cient substantially equal to the thermal expan- 
sion coefficient of the cathode (130, 230, 330) 
whereby the substantially equal thermal 
expansion coefficients of the cathode (130, 
230, 330) and the cathode reinforcement mem- 
ber (170, 270, 370) provide equal rates of 
expansion and contraction of the cathode (130, 
230, 330) and the cathode reinforcement mem- 
ber (170, 270, 370) during high temperature 
packaging steps in the fabrication of the field 
emission device (100, 200, 300). 

2. A back plate (185) as claimed in claim 1 wherein 
the cathode reinforcement member (170) includes 
a glass plate. 

3. A back plate (285) as claimed in claim 1 wherein 
the cathode reinforcement member (270) includes 
a metallic web. 



Aback plate (185) as clair 
the cathode reinforcement 
from titanium. 



claim 1 wherein 
(170) is made 



5. A back plate (285) as claimed in claim 1 wherein 
the cathode reinforcement member (270) includes 
a glass web. 

6. A back plate (385) as claimed in claim 1 wherein 
the cathode reinforcement member (370) includes 
a Lincoln-log shaped structure. 

7. A back plate (185) as claimed in claim 1 further 
including a thin layer (180) of aluminum disposed 
between the second major surface of the cathode 
(1 30) and the major surface of the cathode rein- 
forcement member (1 70), the thin layer (180) of alu- 
minum being anodically bonded to the second 
major surface of the cathode (130) and to the major 
surface of the cathode reinforcement member 
(170). 
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8. Afield emission display (100, 200, 300) comprising: 

a cathode (130, 230, 330) having first and sec- 
ond major surfaces and having a thermal 
expansion coefficient; 

a plurality of field emitters (140, 240, 340) 
being disposed on the first major surface of the 
cathode (130, 230,330); 
an anode (110, 210, 310) having a first thick- 
ness and having a major surface being spaced 
from and opposing the first major surface of the 
cathode (130, 230,330); 
a plurality of side members (150, 250, 350) 
being disposed between the first major surface 
of the cathode (130, 230, 330) and the major 
surface of the anode (110, 210, 310) and being 
hermetically sealed thereto; 
a plurality of cathodoluminescent deposits 
(120, 220, 320) being disposed on the major 
surface of the anode (110, 210, 310) and being 
designed to receive electrons emitted by the 
plurality of field emitters (140, 240, 340); 
the first major surface of the cathode (1 30, 230, 
330), the major surface of the anode (1 10, 210, 
310), and the plurality of side members (150, 
250, 350) defining an interspace region (155, 
255, 355), the interspace region (155, 255, 
355) being evacuated to provide a vacuum 
therein; and 

a cathode reinforcement member (170, 270, 
370) having a major surface being affixed to the 
second major surface of the cathode (1 30 
330), the cathode reinforcement member (170, 
270, 370) having a thermal expansion coeffi 
cient substantially equal to the thermal expan- 
sion coefficient of the cathode (1 30, 230, 330), 
the cathode reinforcement member (170, 270, 
370) and the cathode (130, 230, 330) defining 
a back plate (185, 285, 385) having a second 
thickness 

whereby the first thickness of the anode 
(110, 210, 310) and the second thickness of 
the back plate (185, 285, 385) are sufficient to 
provide structural support to maintain the 
mechanical integrity of the field emission dis- 
play (100, 200, 300) and obviate the need for 
spacers. 

9. A method for fabricating a back plate (185, 285, 
385) for a field emission device (1 00, 200, 300) , the 
method including the steps of: 



ode (130, 230, 330) a cathode reinforcement 
member (170, 270, 370) having sufficient thick- 
ness to maintain the mechanical integrity of the 
cathode (130, 230, 330). 

10. A method for fabricating a field emission display 
(100, 200, 300) including the steps of: 

providing a cathode (130, 230, 330) having first 
and second major surfaces and having a plural- 
ity of field emitters (140, 240, 340) disposed on 
the first major surface of the cathode (130, 230, 
330); 

providing an anode (110, 210, 310) having a 
first thickness and having a major surface 
being spaced from and opposing the first major 
surface of the cathode (130, 230, 330); 
affixing a plurality of side members (150, 250, 
350) to the first major surface of the cathode 
(130, 230, 330) and the major surface of the 
anode (110, 210, 310), the plurality of side 
members (150, 250, 350) being hermetically 
sealed thereto; 

the first major surface of the cathode (130, 230, 
330), the major surface of the anode (1 10, 210, 
310), and the plurality of side members (150, 
250, 350) defining an interspace region (155, 
255, 355); 

evacuating the interspace region (155, 255, 
355) to provide a vacuum therein; 
forming a plurality of cathodoluminescent 
deposits (120, 220, 320) on the major surface 
of the anode (110, 210, 310), the plurality of 
cathodoluminescent deposits (120, 220, 320) 
being designed to receive electrons emitted by 
the plurality of field emitters (140, 240, 340); 
providing a cathode reinforcement member 
(1 70, 270, 370) having a major surface; and 
affixing the major surface of the cathode rein- 
forcement member (170, 270, 370) to the sec- 
ond major surface of the cathode (130, 230, 
330), the cathode (130, 230, 330) and the cath- 
ode reinforcement member (170, 270, 370) 
defining a back plate (185, 285, 385) having a 
second thickness, the first thickness of the 
anode (110, 210, 310) and the second thick- 
ness of the back plate (185, 285, 385) being 
sufficient to provide structural support to main- 
tain the mechanical integrity of the field emis- 
sion display (100, 200, 300) and obviate the 
need for spacers. 



providing a cathode (130, 230, 330) having first 
and second major surfaces and having a plural- 
ity of field emitters (140, 240, 340) being dis- 55 
posed on the first major surface of the cathode 
(130,230, 330); and 

affixing to the second major surface of the cath- 
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